To estimate the prevalence of diabetic foot complications among patients at a specialist diabetes clinic in Jamaica and identify factors associated with foot complications. Methods: A stratified random sample of 188 patients were interviewed and examined between 2009 and 2010. Trained nurses obtained demographic and clinical data, measured anthropometrics and performed foot examinations including inspection for amputations, ulcers or infection and assessment of pain, vibration and pressure perception. Results: Participants included 143 women and 45 men (mean age 56 years; mean diabetes duration 16 years). The prevalence of amputations was 8.5% (95% CI 4.5, 12.5%) and was higher among men (22.2%) compared to women (4.2%, p < 0.05). Prevalence of current ulcers and current foot infections was 4.3% and 3.7%, respectively. Overall, 12% of patients had at least one of these foot complications. Foot complications were more prevalent among men, patients with high blood pressure (BP ≥ 130/80 mmHg) or peripheral neuropathy. In multivariable logistic regression models, factors associated with foot complications were: neuropathy (OR 9.3 [95% CI 2.8, 30.3]), high BP (OR 7.9 [1.3, 49.7]) and diabetes duration (OR 1.32 [1.02, 1.72]). Conclusion: Approximately one of every eight patients in this specialist clinic had a major foot complication. Associated factors were neuropathy, high blood pressure and longer duration of diabetes.
INTRODUCTION
Foot complications including ulcers, infections and amputations are major causes of morbidity and disability in persons with diabetes mellitus (1) . Foot ulceration occurs in approximately 15-25% of people with diabetes while amputation prevalence ranges from 0.2-4.8% (2) (3) (4) . Eightyfive per cent of lower limb amputations in patients with diabetes are preceded by foot ulcers (2) . In addition to the morbidity, diabetic foot complications are associated with high mortality (5, 6) . Cost of care related to foot complications is also significant, with up to 20% of total expenditure on diabetes in North America and Europe being attributable to the diabetic foot (7) . It is widely accepted that foot complications may be prevented by screening patients with diabetes for characteristics which put their feet at high risk of amputation or ulceration, such as impaired sensation and impaired arterial blood flow, and by implementing foot care education and treatment programmes (1) .
Diabetic foot complications are common in the English-speaking countries of the Caribbean. In one study from Barbados, Hennis et al documented an incidence of lower extremity amputations of 936/100 000 in the diabetic population. The standardized incidence of lower extremity amputation among the women was second only to that of the Navajo population in the United States of America (8) . In Trinidad and Tobago, a cross-sectional study among primary healthcare clinics found that 12% of persons with diabetes reported previous foot ulceration and 4% reported previous amputation (9) . There are few data on diabetic foot complications in Jamaica; however, a small survey of patients at the diabetes clinic at the University Hospital of the West Indies (UHWI) found that 82% of participants had clinical signs of peripheral neuropathy and 61% had ankle-brachial index of < 1.0 (10) . In another study among patients with diabetes admitted to the UHWI in 2005, six per cent had an amputation during that admission (11) . There are no published data on the prevalence of diabetic foot complications among patients attending specialist diabetes clinics in the English-speaking Caribbean.
With the prevalence of diabetes mellitus in Jamaica at 8% (12) and in the context of a global burden of diabetes now estimated at 366 million (13) , reliable estimates of the burden of diabetes complications are required to inform the provision of appropriate heath services and to design inter-ventions to address these problems. This study therefore aimed to estimate the prevalence of diabetic foot complications among patients attending the diabetes clinic at UHWI in Jamaica and to identify factors associated with foot complications in this setting.
SUBJECTS AND METHODS
We conducted a cross-sectional survey of patients attending the UHWI diabetes clinic, a specialist clinic staffed by endocrinologists or diabetes specialists and residents in the UHWI internal medicine training programme. This clinic provides care for a wide cross-section of patients with diabetes including persons from the hospital community and patients referred for specialist care from primary and secondary care facilities.
The study was conducted between August 2009 and September 2010. A list of all 552 patients seen in the UHWI diabetes clinic in 2008 was used as the sampling frame, from which a sex-stratified random sample of 337 persons were selected, aiming to enroll 278 persons (assuming a 20% nonresponse rate). This sample size was calculated using a 12% prevalence of foot complications, an acceptable error of 4%, power of 0.8, α = 0.05 and was adjusted using a finite population correction. The study was approved by the University Hospital of the West Indies/University of the West Indies/ Faculty of Medical Sciences Ethics Committee.
Recruitment
Persons selected for the study were contacted by telephone or on their clinic visit and invited to participate in the study. Written informed consent was obtained prior to data collection and measurements. We successfully ascertained vital status or made contact with 253 (75%) of the potential participants of which 188 (56% of targeted sample; 74% of contacted persons) were enrolled. Fifteen of the targeted persons were reported to have died. Other reasons for non-participation included being unable to get time off from work, difficulty with transportation and being too ill.
Measurements and definitions
All measurements were performed by trained staff. An interviewer-administered questionnaire was used to collect information on general health, diabetes control and diabetes complications. Socio-economic status was assessed using los factores asociados con las complicaciones de pie fueron: la neuropatía (OR 9.3 [95% CI 2.8, 30.3] ), BP alto (OR 7.9 [1.3, 49.7] ) y la duración de la diabetes (OR 1.32 [1.02, 1.72] ). Conclusión: Aproximadamente uno de cada ocho pacientes en esta clínica especializada tuvo una complicación de pie importante. Los factores asociados fueron: neuropatía, presión alta y mayor duración de la diabetes.
Palabras claves: Amputaciones, Caribe, pie diabético, infecciones del pie diabético, úlceras del pie diabético, Jamaica West Indian Med J 2013; 62 (3): 217 Diabetic Foot Complications in Jamaica information on education and employment, also obtained by questionnaire. Education level, reported in categories ranging from "no schooling" to "tertiary education", was collapsed into two categories -"secondary or less" and "post-secondary" for analysis. Employment status was categorized as employed, unemployed or other (retired, students or housewives). Data were also collected on cigarette smoking patterns and participants placed into two categories -nonsmokers and past/current smokers.
Body weight was measured to the nearest 0.1 kilogram using a portable digital scale, while height was measured to the nearest 0.1 centimetre using a portable stadiometer. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in metres and participants categorized as not overweight (BMI < 25 kg/m 2 ), overweight (BMI 25.0 -29.9 kg/m 2 ) or obese (BMI ≥ 30 kg/m 2 ). Waist and hip circumference were obtained using a non-stretchable tape. Waist circumference was measured midway between the lowest rib and the iliac crest, and hip circumference at the level of the greater trochanter.
Blood pressure (BP) was obtained using a mercury sphygmomanometer. Three blood pressure measurements were taken at one minute intervals using the right arm after the participant had been seated for five minutes (14) . The mean of the second and third BP measurements was used in the analysis. Participants were classified as having high blood pressure (systolic BP ≥ 130 mm Hg or diastolic BP ≥ 80 mm Hg or being on medication for high blood pressure) or 'not hypertensive' (systolic BP < 130, diastolic BP < 80 and not on antihypertensive medications) in accordance with the American Diabetes Association Standards of Care guidelines (15) .
A capillary blood sample was collected for the measurement of haemoglobin A1c (HbA1c) using a point of care instrument (NycoCard ® Reader II, AXIS-SHIELD, Rodelokka, Oslo, Norway). Categories of glycaemic control were defined as: good control, HbA1c < 7.0; inadequate control, HbA1c 7.0-8.9; poor control, HbA1c ≥ 9.0.
A comprehensive foot examination was performed in accordance with the guidelines by the Foot Care Interest Group of the American Diabetes Association (4). The foot examination included the following components: inspection for callus, deformities, infection, ulcers and amputation; neurological examination checked vibration perception, pain perception and pressure perception. Vibration perception was assessed at the dorsal aspect of the distal interphalangeal joint of the great toe using a 128 Hz tuning fork. Pain and pressure sensation was assessed using the Neuropen ® device [Owen Mumford, Oxford, England] (16). Pain perception was assessed 0.5 cm proximal to the nail-fold of the great toe using pin prick delivered by Neurotips ® from the Neuropen ® device. Pressure perception was assessed using a 10 gram monofilament on the Neuropen ® device. The test was performed on the plantar surface of the great toe and the plantar surface of the heads of the 1 st , 3 rd and 5 th meta-tarsals. For the analysis, three sites on each foot were used: plantar surface on the great toe and over the 3 rd and 5 th metatarsal head. Failure to appreciate pressure at any of these three sites was considered abnormal (17) .
Vascular examination was performed using a portable Doppler ultrasound device (Huntleigh Health Care Multi-Dopplex II ® , with a VP8HS 8MHz probe) to measure systolic pressure in the dorsalis pedis, posterior tibial and brachial arteries for the assessment of ankle/brachial index (ABI). The higher pressure of the dorsalis pedis or posterior tibial artery was divided by the higher pressure of the right or left brachial artery (18) . A value for ABI ≤ 0.9 was considered positive for peripheral vascular disease (PVD). If ABI was ≥ 1.3, participants were considered to have non-compressible vessels and therefore excluded from the analysis for ABI (18) .
Statistical analysis
Data analysis was done using Stata 10.1 (StataCorp, College Station, Texas). Means and proportions were obtained for participant characteristics, diabetes and cardiovascular disease risk factors and for markers of socio-economic status (SES). We then obtained prevalence estimates for diabetic foot complications by these characteristics. Differences in proportions for categorical variables were compared using Chi-squared tests or Fisher's exact test as appropriate, while the t-test was used for difference in means.
Multivariable logistic regression was performed and adjusted odds ratios for the presence of the major foot complication (amputations, ulcers, foot infection) were obtained. Initial models included variables which were associated with prevalent foot complications in univariate analysis or were believed to be associated based on previous studiesincluding gender, age, BMI, duration of diabetes, high BP, presence of neuropathy, PVD, education and HbA1c category. The final models were derived by assessing the impact of individual variables using the likelihood ratio test and evaluating the goodness-of-fit of individual models using Hosmer-Lemeshow test. For the variable for duration of diabetes, missing values were imputed based on the participant's age and gender using the impute command in Stata.
RESULTS
Characteristics of the participants in the study are shown in Table 1 . There were 143 women and 45 men; mean age 56 years and mean duration of diabetes 16 years. Except for a higher mean height among men (172.5 cm vs 159.7 cm, p < 0.001) and higher mean BMI in women (30.2 kg/m 2 vs 27.3 kg/m 2 , p = 0.005) mean values for the characteristics shown were similar in men and women. There were no differences in the mean age, gender distribution or parish or residence for persons enrolled in the study compared to the entire clinic population. For the targeted sample, response rate was higher among women: 59% compared to men 47%, but there were no differences in the mean age or parish or residence for responders compared to non-responders. Table 2 shows the proportion of participants in risk categories for diabetes or cardiovascular disease (CVD), diabetes control and socio-economic status. Seventy-three per cent of participants had high blood pressure, 35% were overweight and 42% were obese. Prevalence of past or current cigarette smoking was 27% with a much higher prevalence among men compared to women (64% vs 15%, p < 0.001). Fourteen per cent of participants reported daily smoking.
Only two participants reported current smoking; duration since smoking cessation was not available. Seventy per cent of participants reported current insulin therapy. Overall glycaemic control levels were sub-optimal with 42% classified as having good control and 22% having poor control. Prevalence estimates for foot complications are shown in Table 3 . Overall amputation prevalence was 8.5% (95% confidence interval [CI] 4.5, 12.5%); men had a significantly higher prevalence of amputations: 22% compared to 4% among women (p < 0.01). There was full agreement between the prevalence of amputation estimated by self-reports (data not shown) and from foot examination. Of the 16 participants who reported amputations, only one was definitely not due to diabetes, while 13 were reported as being due to diabetes. Two participants did not report the reason for amputation but based on the site of these amputations and the duration of diabetes for these participants, it was thought that these were likely diabetes related amputations. The Figure  shows the distribution of amputations by side and site. The majority of amputations were digital amputations but there were eight major amputations (three above knee, three below knee and two trans-metatarsal). Prevalence of current ulcers was 4.3% (6.7% men, 3.4% women; p = 0.436) and prevalence of current foot infection was 3.7% (4.4% men and 3.5% women; p = 0.784). In addition to those with current ulcers or infection, 12% reported a history of past ulcer, resulting in a combined total of past or current ulcers of 16%. Thirteen per cent had a history of past foot infection. We derived a composite outcome for major foot complication representing participants with any one of the following: amputation, current ulcer or current infection. The overall prevalence for this combined foot complication index was 12% (27% among men and 8% among women; p = 0.008).
Prevalence of PVD by measured ankle brachial index (ABI) was 19% with no gender difference. From the sensory examination, 35% of participants had peripheral neuropathy; impaired pressure perception (by monofilament testing) was the most common feature of neuropathy and was present in 34% of the entire sample; 14% of participants had impaired pain perception and 13% had impaired vibration perception. The monofilament test identified 63 of 65 (97%) participants classified as having peripheral neuropathy using any of the three tests (ie monofilament, pain perception or vibration perception). In addition to documented neuropathy on examination, there was a high prevalence of neuropathy symptoms. Overall, 71% of participants reported at least one of the following neuropathy symptoms: burning pain, tingling sensation, numbness and loss of feeling in the foot.
We also evaluated the prevalence of foot examination by categories of CVD or diabetes risk factors and SES categories (data not shown). Statistically significant associations with foot complications were found with peripheral neuropathy and for high blood pressure. There was no significant association between foot complications and current diabetes control (measured by HbA1c) or PVD. ciation with diabetic foot complications. Odds ratios (OR) for high blood pressure and peripheral neuropathy were 7.9 (95% CI 1.3, 49.7, p = 0.027) and 9.3 (95% CI 2.8, 30.3, p < 0.001), respectively. Duration of diabetes (used as a continuous variable) was associated with a 30% increase in the odds of foot complication per five-year period of diabetes. Older persons were less likely to have foot complications with an adjusted OR 0.69 (95% CI 0.54, 0.90, p = 0.005) for each five-year increment in age. After adjustment for cigarette smoking, the odds ratio for foot complications for men compared to women was reduced and no longer statistically significant.
DISCUSSION
In this study, we report a high prevalence of diabetic foot complications among patients attending a specialist diabetes clinic in Jamaica. The overall prevalence of major foot complications (amputation, current ulcer or current infection) was 12%. Prevalence of amputations was 8.5% and was higher in men than women, while prevalence of current foot ulcers was 4% and current foot infection 4%. Thirty-four per cent of participants had neuropathy by sensory testing. Prevalent foot complications were significantly associated with peripheral neuropathy, high blood pressure, duration of diabetes and younger age. Gender differences in the prevalence of foot complications were partially explained by smoking status in multivariable models.
The findings of this study are consistent with other studies which show a high burden of diabetic foot complications in the English-speaking Caribbean territories (8, 9) . The 8.5% prevalence of amputations in this study was twice that seen in Trinidad and Tobago (9) and much higher than the range of 0.2-4.8% seen across all publications reported in the 3 rd edition of the International Diabetes Federation Diabetes Atlas (3). Prevalence of previous or current foot ulcers were also higher than that reported from Trinidad and Tobago (16% in this study compared to 12% in Trinidad and Tobago). It should be noted, however, that the study in The results from the multivariable logistic regression analyses are shown in Table 4 . Analyses for the multivariable models were based on 186 participants due to exclusion of one participant who reported amputation not due to diabetes and one participant with missing data on neuropathy. Duration of diabetes included 29 imputed values based on participant's age and gender. Duration of diabetes, high blood pressure and peripheral neuropathy had strong positive asso- Trinidad and Tobago used data from primary care health centres whereas this study used data from a 'tertiary care' specialist diabetes clinic. The participants in Trinidad and Tobago were slightly older than in our sample but had a shorter duration of diabetes (median eight years among those without ulcers and 13 years among those with ulcers, compared to mean duration of 16 years in this study). It is therefore possible that the higher prevalence may be related to a higher proportion of patients with complicated and difficult to control diabetes in the sample. This may be countered, however, by the greater availability of specialist treatment which should lower complication rates. Further studies using population based samples and studies in primary and secondary care settings are needed. The prevalence of peripheral neuropathy symptoms in this study was 71% while prevalence of neuropathy by sensory testing was 34%. Prevalence estimates for diabetic peripheral neuropathy vary widely but our findings seem generally consistent with the literature with prevalence estimates in the region of 30% on sensory testing and up to 75% by self-reports (19) (20) (21) (22) (23) . The prevalence of PVD in this study was somewhat lower than 20-40% reported in other studies (23, 24) and was not associated with prevalent foot complications.
Factors associated with foot complications in the multivariable analyses for this study included peripheral neuropathy, high blood pressure, duration of diabetes and younger age. The association between male gender and cigarette smoking was not statistically significant. Peripheral neuropathy and duration of diabetes were also significant correlates of foot complications in studies from Barbados and Trinidad and Tobago (8, 9) and is generally consistent with the literature (23, 25) . The association with younger age and poor blood pressure control was unexpected and warrants further evaluation. Possible explanations for the association with younger age may include age-related differences in foot care practices and greater exposure to injuries in younger patients. Inadequate blood pressure control may be a marker for vascular disease, thus increasing the risk of ulcer or amputation following foot injury.
Based on the associations found in this study, foot care education for persons with neuropathy and blood pressure control appear to be potential targets for the reduction of foot complications. In light of the high prevalence of peripheral neuropathy, physicians should routinely screen patients with diabetes for evidence of neuropathy and ensure that patients at high risk receive footwear and foot care education (1, 26, 27) . Patients with established foot lesions will need to be referred for specialist care with a podiatrist or in foot care clinics (26, 27) . It is also important that all patients receive treatment designed to optimize diabetes control as this will prevent or delay neuropathy (28) . Qualitative inquiry into factors associated with footwear and foot care practices should also be explored.
This study had some limitations. Firstly, the study site was a tertiary care centre and as such the findings may not be generalizable to all patients with diabetes in Jamaica. Secondly, the small sample size resulted in decreased power to detect sub-group differences in foot complications and relatively wide confidence intervals for prevalence estimates. Although the lower than expected response rate might have decreased the representativeness of the sample, we were able to show that the gender, age and parish of residence distribution of the sample was not different from that of the total clinic population, hence we are confident that these findings are representative of the clinic. The cross-sectional design also limits our ability to make causal inferences from the associations found. The study, however, was strengthened by the use of a random sample from the clinic participants and the use a comprehensive clinical foot examination to assess complications. The use of standardized protocols also served to minimize misclassification. The findings of this study therefore represent the best available estimates of the prevalence of diabetic foot complications in Jamaica.
This study is the first to report prevalence estimates of diabetes foot complications in Jamaica and the first to report on foot complications from a specialist diabetes clinic in the English-speaking Caribbean and will therefore add to the literature on diabetic foot complications in the region. This is particularly relevant in light of the paucity of similar data from developing countries (29) . The study will also stimulate further research in this field and provide baseline data to guide interventions aimed at reducing the burden of diabetic foot complications in Jamaica, the Caribbean and other developing countries.
CONCLUSION
One in eight persons at the UHWI diabetes clinic has a major diabetic foot complication. The 8.5% prevalence for amputation in this study is higher than in other published studies. Prevalent foot complications were associated with peripheral neuropathy, high blood pressure, duration of diabetes and younger age. Further studies are required to provide a more precise estimate of the prevalence of foot complications at the population level and to aid in the understanding of its behavioural and biological risk factors. Interventions to reduce foot complications need to be developed and evaluated in the Caribbean.
